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Objective: Our laboratory previouslydemonstratedthat asymptomatic vaginal colonization duringpregnancyis a
factorpredisposingpatientstosubsequentsymptomatic vulvovaginalcandidiasis.Itisunknownwhethersymptoms
result from strain replacement or a change in host relationship to the original colonizing strain. This study was
undertaken to determine whether Candida albicans isolates from asymptomatic women could be responsible for
subsequent symptomatic vaginitis.
Methods: We retained isolates of C. albicans from women followed longitudinally through pregnancy,and identi-
fied six pairs of culturesfrom women who were colonized without symptoms and who later became symptomatic
(average time 14 weeks). We used a random amplification of polymorphic DNA (RAPD) analysis to determine
whether isolates from our study patients were genetically similar or dissimilar.
Results: Analysis of these pairs of yeast strains by RAPD revealed that five of the six women had symptoms
apparently due to the same yeast strain that was found initially as a commensal strain. To increase the power of
theseobservations,we also performed RAPD analysis on six randomlyselected yeaststrainsfrom otherwomen in
this studywho had not become symptomatic to determinewhether any of theseunrelatedstrainsmatched strains
from those women who became symptomatic.
Conclusion: Symptomatic yeast vaginitis is usually due to strains of C. albicans already carried in the lower genital
tract, underscoring the need to understand regulation of growth and virulence of the organism in vivo.
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Candida albicans is recognized both as normal flora
inthefemale genitaltractand asthecausative agent
of vulvovaginal candidiasis. What is not clear is
whetherthevaginalcommensalorganismincreases
its virulence to cause candidiasis, the host becomes
more permissive toward proliferation of the
organism resulting in symptoms, or whether
another, possibly more virulent, strain supplants
the normal flora organism. The availability of
methodsofDNA analysis thatdistinguish between
different strains makes it possible to obtain insight
into this question.
Soll has recently reviewed the myriad geno-
typing techniques available to raise epidemiologic
investigations of C. albicans from the phenotypic
to the genotypic level1. These techniques have
allowed the tracking of transmission of organisms
withinfamilies, frommotherstoinfantsandwithin
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Clinical study 65hospital environments, and the association of
genetic fingerprintswith virulence and drugresist-
ance. Genotyping approaches are of particular
interest to organisms such as C. albicans, which can
and often do colonizeindividuals in an asymptom-
atic fashion. One of the key questions arising from
this observation is whether symptomatic candi-
diasis results from strain replacement. While many
epidemiologic studies have been done, including
comparison of strains carried simultaneously at
different body sites or sequential analysis of strains
involved in recurrent infections, the issue of
whether symptomatic candidiasis can develop
froma strain associated withinitially asymptomatic
colonization during pregnancy has not been
directly addressed.
In the course of a culture-based longitudinal
study of vaginal yeast carriage and symptomatic
infection during pregnancy, we were able to find
pairs of cultures representing asymptomatic colo-
nization, followed at a later time by development
of symptoms of vulvovaginal candidiasis2. A
limited number of pairs of yeast specimens were
available, but the discriminating power of random
amplification of polymorphic DNA (RAPD)
analysis provided sufficient data to determine the
relatedness of C. albicans cultures present before
and during symptomatic vaginitis.
MATERIALS AND METHODS
More than 300 women who sought obstetric care
at the Robert C. Byrd Health Sciences Center and
its outreach clinics were the source of vaginal
specimens, which were plated onto BIGGY
(bismuth sulfite–glucose–glycine–yeast) agar in an
effort to identify colonization by C. albicans. Each
woman was told of our interest in obtaining
epidemiologic information on yeast vaginitis in
pregnancy and signed a consent form approved by
the West Virginia University Institutional Review
Board. The demographic composition of this
cohort has been described in an earlier paper2. All
six patients in this study were pregnant at the time
of their first culture (range 8–35 weeks’ gestation;
average gestational age at initial booking was 16
weeks). Two patients were primigravidas and the
remaining four patients ranged from gravida 2 to
gravida 4; two patients had aborted previously.
Threepatientshad experienced a prioryeast infec-
tion and a fourth had experienced recurrent infec-
tions. None was symptomatic for yeast or other
type of vaginitis (abnormal discharge, itching,
burningormalodor)at thetime of their initial pre-
natal examination and all had wet mount and
KOH examination to evaluate signs of bacterial
vaginosis, trichomoniasis, andcandidiasis. Allwere
negative at the initial examination. Each patient
was asked to call the clinic in the event of vaginal
symptoms. In addition, at each subsequent clinic
visit throughout the pregnancy, participants were
questioned about symptoms consistent with
vulvovaginal candidiasis. Vaginal cultures were
obtained from women who developed symptoms
so thatmatched pairs ofC. albicansisolates couldbe
assembled for this study. Symptomatic individuals
werethosewhocomplainedoforhadsymptomsof
pruritus, inflammation, white curd-like discharge,
positive microscopicevidenceofvaginalyeast, and
positive culture for C. albicans.
Cultures obtained from study participants were
held at room temperature for at least 72 hours
before being discarded as negative. Cultures that
developed characteristic browncolonieswere held
at4°C untilneeded.Allisolates, inadditionto pro-
ducing brown colonies on BIGGY agar, were
shown to have characteristic microscopic
morphology and produced germ tubes in human
serum, which presumptively classified them as
C. albicans3. A totalofseven pairs of culturesrepre-
senting asymptomatic colonization followed by
symptomatic vulvovaginal candidiasis were avail-
able. One of these pairs could not be used because
the ‘asymptomatic’ culture became nonviable in
storage, leaving six for analysis. These samples
were identified by a patient study number
(assigned at West Virginia University) and added
to theculturecollection maintained at Des Moines
University.
The six women whose yeast isolates were ulti-
mately included in this study were all white, aged
17–26 years and ranged from 8 to 35 weeks’ gesta-
tion at their first clinic visit. Two patients were
primigravidas and none were private-pay patients,
nor did they have alternate sources for medical
care.Because ofthis, allwere followedconsistently
by the study physician.
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analysis, thepaired cultureswere again streaked for
isolation on BIGGY agar plates, and an individual
colonywas picked and maximally propagated on a
Sabouraud’s dextrose agar plate. The growth from
this plate was recovered with a sterile inoculating
loop and suspended in 293 ml of 50 mmol/l
EDTA.LyticaseÒ (Sigma Chemical Co., St. Louis,
MO), 7.5 ml of 20 mg/ml solution, was added and
the cell suspension mixed by gentle pipetting.
The samples were incubated at 37°C for 1 hour
to digest the cell walls. The spheroplasts were
brought to room temperature and centrifuged at
13 000 g,andthesupernatantfluidwasdiscarded.
DNA isolation employed a commercial kit
(Wizard KitÒ, Promega, Madison, WI), and the
manufacturer’s directions were followed. The
DNAwasrehydratedinTris-EDTAbufferandthe
absorbanceat260and280 nmdeterminedtoallow
dilution to a final concentration of 10 ng/ml,
which served as template for subsequent RAPD
analysis.
Our RAPD protocol employed two of the
primers from the Ready-To-Go-RAPDÒ system
(Amersham Pharmacia Biotech, Piscataway, NJ):
Primer 1 (5¢-d[GGTGCG GGAA]-3¢) and primer
4 (5¢-d[AAGAGCC CGT]-3¢). For amplification,
15 ml of sterile distilled water, 5 ml primer, 5 ml of
template DNA (50 mg) and one RAPD bead were
placed in a reaction tube and reacted in an MJ
Minicycler (MJ Research Inc., Watertown, MA).
Becausetheinstrumenthasaheatedlid,nomineral
oilwasaddedtothereactionmix.Thecyclingpro-
file was: one cycle at 95°C for 5 min, 40-45 cycles
at95°Cfor5 min,36°Cfor1min,72°Cfor2 min.
The products were applied to a 2% agarose gel
containing 1 mg/ml ethidium bromide. A mini-
submarine gel format was foundto be adequatefor
separating bands generated from C. albicans. A
DNA ladder (BioRad, Hercules, CA) with a range
of 50–2000 bp was applied to the first lane. The
secondandthirdlanescontainedtheproductsfrom
primer 1 (the asymptomatic strain in the second
lane and the symptomatic strain in the third lane),
and the fourth and fifth lanes contained the
products from primer 4 (asymptomatic followed
by symptomatic).
After electrophoresis, the resulting band
patterns were visualized and recorded using the
FluorS-Multi-ImagerÒ (BioRad). Analytic den-
sitometry wasperformedusingtheMulti-AnalystÒ
software (BioRad). Digitized densitometry scans
were exported to a Microsoft ExcelÒ spreadsheet
for further analysis.
The densitometry scans of two electrophoretic
patterns from the same gel were compared by
cross-correlation analysis using a custom program
written with LabViewÒ programming software
(National Instruments, Austin, TX). The nearer
cross-correlation coefficients were to 1.0, the
more similar were thetwo bandingpatterns. Cross
correlation analysis proceeded as follows.
Initially all comparisons were made on adjacent
lanes on the same electrophoresis gel, but to com-
pare unrelated strains it was necessary to compare
RAPDpatternsbetweengels. Because thenumber
of data points differed between gel images, two
data manipulations were performed. First, both
electrophoretic patterns were normalized with
respect to landmarks on the x axis: that is, the x
co-ordinate for each data point was reported as a
percentage of the total length between the two
tracking dyes. Second, one of the electrophoretic
patterns was interpolated so that the data points
were matched with respect to the normalized x
co-ordinate of the other normalized electro-
phoretic pattern. Electrophoretic patterns were
analyzed using baseline shifts of ±100 lags (lags are
data points added by the computer to adjust the
length of one x axis).
RESULTS
Six pairs of cultures representing the vaginal
organismspresentbeforesymptomsdevelopedand
while the patient was symptomatic were analyzed
byRAPDanalysis. Aseventh pairoforganismswas
identified,butinthiscasetheearliest isolatedidnot
survive in storage. The average length of time
between the first C. albicans isolation and develop-
ment of symptoms was 14 weeks (range 9–20
weeks).
Figure 1 shows a composite image of all the
PCR productselicited from RAPD analysis. Even
without the aid of densitometric analysis it is clear
that the banding pattern from the two isolates was
identical for both primer 1 and primer 4 in all
but one of the six pairs of cultures. The interval
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18 weeks.
Analysis of the PCR productsfrom the 12 yeast
isolates in this study generated data on 125 bands
with each isolate generating between 11 and 16
bands from the two primers used for the compari-
son. In order to evaluate this quantity of data, a
mathematical method for comparing the banding
patternsfromthepairsoforganisms wasemployed.
Video densitometry provided a more objective
method for capturing the RAPD data in a useful
form. Figure 2 shows the alignment of two
densitometric scans plotted in the LabView soft-
ware package. This figure consists of the densito-
metric scan from the two organisms being
compared. In this example the two scans appear
visually similar when overlaid. The lower plot
shows the result of cross-correlation in which the
degree of correlation (values ranging from 0–1
with 1 representing perfect correlation) on the
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Figure 1 Electrophoretic pattern of random amplification of polymorphic DNA polymerase chain reaction
(RAPD-PCR) products from 12 strains of Candida albicans from six patients. Each panel represents the isolate recov-
ered before symptoms and the organism isolated while the patient was symptomatic. The data are from patients
GT054 (A), GT151 (B), GT397 (C), GT150 (D), GT377 (E), and GT387 (F). The lanes in each panel are as follows: lane
1: standards (2000 bp and less); lane 2: primer 1 (see Materials and Methods) with target DNA from the asymptomatic
patient isolate; lane 3: primer 1 with target DNA from the same patient while symptomatic; lane 4: primer 4 with target
DNA from asymptomatic isolate from the same patient; and lane 5: primer 4 with symptomatic isolatevertical axis and the number of lags (extra data
points used to ‘stretch’ one of the traces to maxi-
mize the alignment). In the example, there was a
high degree of correlation. The ‘tightness’ of the
correlation diminished when more than a few lags
were inserted.
When cross-correlation was used to determine
the relatedness of the RAPD products generated
from the remaining C. albicans isolates obtained
before and after development of symptoms it con-
firmed that in only one of six cases was there an
apparent change in yeast strain from asymptomatic
to symptomatic colonization (Table 1).
To assess the meaningfulness of this level of
agreement, we selected an additional six yeast iso-
lates randomly from the women in our study who
had been found to be colonized without symp-
toms. Table 2 uses the six isolates from asymptom-
atic women who later became symptomatic as
index cases. These are paired with randomly
chosen isolates of C. albicans obtained during the
course of the longitudinal study previously pub-
lished withcomparisonsof thelevel ofdiscordance
by means of cross-correlation analysis2. None of
the random strains matched the six index isolates,
whereas five of six pairs from the initial pairings
appeared to be the same (Yates c2 p = 0.019). This
analysis confirms that five of the six women who
developed yeast vaginitis symptoms did so as a
result of the same organism that colonized them
asymptomatically earlier in their pregnancies.
DISCUSSION
In the past decade, a variety of molecular tech-
niqueshave emerged whichallow a high degree of
reliability in epidemiologic tracking of various
strains of pathogenic yeasts. These techniques
include pulsed field gel electrophoresis4–6, restric-
tion fragment length polymorphism (RFLP)6–9,
Southern hybridization of specific probes10,11,
RAPD11–19, and combinationsof variousmethods.
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Figure 2 Graphic results of cross-correlation analysis for isolate GT151. (a) Original densitometric data (x axis is dis-
tance (relative units); y axis is relative optical density units); (b) superimposed traces of asymptomatic and symptomatic
isolates; (c) change in cross-correlation coefficient with varying numbers of lags, from –100 to +100 lags (x axis is the
number of lags; y axis is the correlation coefficient)Recently, Soll published an extensive review of
the methods and pitfalls associated with DNA
fingerprintingof fungal organisms1. Strain mainte-
nanceover longperiodsoftimeappearstobecom-
mon, but studies that have used very sensitive
genotyping methods have revealed the possibility
of microevolution among colonizing strains20. In
addition, the work of Lockhart and colleagues,
whoinvestigated recurrentvaginitis, indicated that
these women had a repertoire of similar strains
that became intermittently predominant strains
through a process they termed ‘substrain
shuffling’21.
Several reports on C. albicans typing have com-
pared different methods4,22,23, and foundRAPDto
be a useful method of epidemiologic analysis.
Following these organisms within populations is
becoming increasingly important because of the
prevalence of fungal infections among compro-
mised hosts and other individuals. In addition to
understanding the pathogenesis of yeast vaginitis
during pregnancy, there is concern about infants,
especially premature infants, acquiring C. albicans
infections. Molecular typing techniques have
indicated that one-third of premature infants were
colonized and that mother-to-infant transmission
of the identical strain occurred in 14% of infants24.
In another study, there were six cases among 103
newly parturient women in which both mother
and infant were colonized by identical strains of
C. albicans5.
C. albicans and other related yeast are frequently
commensal flora on mucosal sites, and it is possible
for individuals to carry more than one strain of
yeast at a time25. It is important to understand if
symptoms arise after acquisition of a virulent strain
of yeast or if the endogenous organisms can
increase their virulence toward the host. Magee’s
group used an RFLP method to determine that
different strains are carried in the vagina and
rectumand thatrecurrentvaginitis isusually dueto
relapse with the same vaginal strain rather than
reinfection from the rectum9. Despite this infor-
mation, it is not clear whether yeast strains present
in asymptomatic women are thesame onesthatare
involved in symptomatic infection. Certainly,
there is ample evidence that individuals sometimes
change strains of yeast and other organisms.
Concordance of strains among family members
is common26, as is person-to-person transmission
of organisms as documented by Muller and
colleagues in an HIV-infected family27, implying
that the development of symptomatic infection
couldbetheresultofacquiringanewyeaststrain.
Thepresentstudywaspossiblebecausewewere
engaged in following women longitudinally
during pregnancy with a culture for C. albicans
whentheybookedforobstetriccareandthenagain
if they developed symptoms consistent with yeast
vaginitis. Clearly, a larger numberofpairs ofstrains
would have been desirable for evaluation, but
because of the prospective nature of the culture
collection and our inability to predict which
women would become symptomatic, we believe
that we would need to follow an additional 50
women through pregnancy to elicit just one more
pair of cultures. Based on RAPD analysis, the
majority of vulvovaginitis cases were apparently
due to the same strain of organism that was present
many weeks before the symptoms arose. These
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Patient number
Primer 1
cross-correlation
coefficient (r2)
Primer 4
cross-correlation
coefficient (r2)
GT054
GT150
GT151
GT377
GT387
GT397
0.98
0.95
0.98
0.29
0.96
0.96
1.00
0.88
0.97
0.48
0.98
0.97
Table 1 Correlation of electrophoretic patterns of
random amplification of polymorphic DNA (RAPD)
products from Candida albicans isolates before and after
development of symptoms
Patient number
(index case/
unrelated case)
Primer 1
cross-correlation
coefficient (r2)
Primer 4
cross-correlation
coefficient (r2)
GT054/GT196
GT150/GT275
GT151/GT158
GT377/GT157
GT387/GT188
GT397/GT199
0.25
0.12
0.24
0.10
0.18
0.13
0.42
0.07
0.29
0.37
0.28
0.11
Table 2 Correlation of presumably unrelated Candida
albicans strains from asymptomatic womenfindings suggest that the changing relationship
between the host and microorganism during the
progression of the pregnancy is probably more
important in the development of symptoms than is
strain replacement or even a genetic change in the
commensal organism. We believe this study, and
potentially others like it, can benefit from the
mathematical method of expressing the compari-
son of two gel patterns as a single correlation
coefficient. Additional work will be required to
ascertain the level of sensitivity to generic differ-
ences represented by the cross-correlation tech-
nique, but clearly it distinguishes paired samples
from random samples.
One limitation of our approach was that only
one colony was isolated from each of the
C. albicans-positive cultures, which was done to
ensure purity oftheisolates we tested. Althoughin
the 12 positive cultures forming the core of this
study the morphotypes of the colonies on primary
platingmedia appeared identical,a small possibility
exists that we could have missed isolating a second
strain thatmighthavebeenpresentinthesamecul-
ture. Because the occurrence of two concomitant
strains of yeast in the same vaginal culture is rela-
tively uncommon, and because yeast causing
symptomsare generally thoughtto beinnumerical
abundance, the likelihood of having missed a
second yeast strain in this cohortof patientsis con-
sidered very low. On the other hand, the one dis-
cordant pair of yeast we discovered could have
been the result of having two strains simulta-
neously in the same patient and our having
happened to isolate the nonidentical strain in the
‘symptomatic’ culture.
Until obtaining DNA sequence data becomes
the standard method for genotyping there is a
possibility that less sensitive analytical techniques
such as RAPD will miss mutations and micro-
evolution occurring in organisms carried for a
long period of time. A study by Metzgar and
co-workers16 found small changes in nucleotide
sequence data during the course of fluconazole
treatment in some HIV-infected patients, raising
the possibility of genetic changes in the short time
from isolation of a commensal organism to the
timethatsymptomsdevelop.ThestudyofMetzgar
and co-workers involved a much more in-depth
analysis of the genotypic characteristics of their
organisms than our RAPD analysis. Thus, small
mutational events could have been more readily
apparent in their work. In fact, their work suggests
that during therapy the patients in their study
probably retained the same organisms, but that
theseorganismswereundergoingmicroevolution.
Despite the fact that there are more sensitive
methods of genetic characterization of micro-
organisms, the evidence gained from the use of
RAPD analysis provides a good basis for believing
that in most cases vaginal symptoms may result
from the same organism present prior to the
development of symptoms. This raises a further
questionofwhethera changeinhostphysiologyor
in regulation of virulence attributes of the micro-
organism (or a combination of both)is responsible
for genesis of symptoms in these patients. While
the occurrence of mucocutaneous candidiasis in
HIV patients emphasizes the importance of
changing immune status in fungal pathogenesis,
there is also a growing recognition that
microorganisms have the ability to alter their
aggressiveness toward the host in response to
microenvironmental cues. Environmental factors
such as glucose concentration28, iron29, or
hormonal factors30 may play a role in modulating
C. albicans virulence. This fact, coupled with the
recognition that the same organism which colo-
nizes the vaginal epithelium may subsequently
cause vaginal irritation, underscores the impor-
tance of understanding the regulation of microbial
physiologyand therole ofhost factors in microbial
regulation.
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